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1. Introduction 
The interaction of carbon monoxide with ferrous 
cytochrome Pdso, which was purified from rat liver 
microsomes, was investigated previously by a stopped- 
flow technique at sub zero temperature [l] . Both as- 
sociation and dissociation rate constants of the reac- 
tion and their respective activation energies were de- 
termined in a temperature range from +2O”C- 
- 2o”c. 
The present paper deals with a flash-photolysis 
study of the recombination of the photolyzed carbon 
monoxide (CO) with cytochrome Pbso in microsomal 
preparations under conditions similar to those used in 
the previous study [l] . 
2. Materials and methods 
2.1. Preparations 
Liver microsomes were prepared according to the 
method of Ernster et al. [2] starting from male 
Wistar Albino rats (weighing 150-200 g) which re- 
ceived a daily injection of phenobarbital (80 mg/g of 
net wt.) for 4 days and fasted for 1 day before sacri- 
fice. The livers were perfused with a cold solution 
0.14 M NaCl before homogenisation, in order to re- 
move most of the hemoglobin. 
‘Pdso subparticles’ were obtained from the micro- 
somes by the method of Nishibayashi et al. [3] and 
stored frozen at - 20°C in concentrated solution 
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(about 40 mg protein/ml) in 0.05 M phosphate buffer, 
pH 7.5, containing 25% glycerol. The suspension was 
thawed just before use and the contamination of cy- 
tochrome P,,, in preparations after thawing was less 
than 5%. 
2.2. Solvents and solutions 
The solvents used are 0.05 M phosphate buffer, 
pH 8 (above O”C), or mixed with ethylene glycol in 
the volume ratio 1: 1 or with glycerol in the volume 
ratio 3:7. The freezing points of these solvents are 
-45°C and -5O”C, respectively. The pH of the ethyl- 
ene glycol-buffer mixture was evaluated elsewhere 
and was shown to vary only slightly with the tempera- 
ture [4] . 
The ‘P 450 particle’ suspension was diluted by addi- 
tion at 0°C of first the buffer, then the organic sol- 
vent, both of them having been deoxygenated by bub- 
bling of nitrogen. A definite volume of buffer satu- 
rated with CO at room temperature under 1 atmos. 
pressure ([CO] = 10m3 M), and a few mg of sodium 
dithionite were rapidly added to the solution which 
was then transferred in the closed cell of the flash ap- 
paratus. The volumes of buffer, organic solvent, and 
CO solution were adjusted to insure the desired com- 
position of the medium. 
2.3. Apparatus 
Photodissociation was carried out by a flash-photo- 
lysis apparatus which will be published elsewhere 
(C. Balny, to be published). Xenon filled flashes de- 
velop 1 kJ in an effective time of 120 psec. The obser- 
vation cell may be thermostated at any temperature 
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Fig. 1. Kinetic traces of the recombination of carbon monox- 
ide with the ferrous cytochrome Peso of ‘Peso particles’ after 
flash photolysis in ethylene glycol-buffer mixture (volume 
ration 1: 1) at different temperatures. The photolysis was per- 
formed at 1.6 X 10h6 M cytochrome P450 and 2.8 X 10m5 M 
CO. Traces A and B were obtained at 11°C and - 21°C respec- 
tively . 
between +2O”C and - 60°C (? O.OS”C). The recording 
of recombination kinetics is started 3 msec after the 
flash. 
3. Results and discussion 
3.1. The combination kinetics following the flash 
dissociation of cytochrome P,,,-CO (Fe2+--CO) 
in presence of a given concentration of CO is recorded 
by the decrease in transmission at X,, = 4.50 nm. 
Fig. 1 illustrates kinetics of the recombination of 
ferrous cytochrome Phso after a flash photolysis at 
different temperatures in the fluid mixture of ethylene 
glycol and aqueous buffer (volume ratio 1: 1). 
Between t 11°C and - 15°C the value of AT extra- 
polated to the time t = 0 represents 100% of photodis- 
sociation. Below - 15°C the initial yield of the photo- 
dissociation decreases markedly with decreasing the 
temperature. A similar behavior was observed at the 
same temperature in the mixture of glycerol and aque- 
ous buffer (volume ratio 7:3) and thus does not seem 
to depend of the viscosity. 
The recombination kinetics are biphaaic at any se- 
lected temperature, as shown by the semi-logarithmic 
plot of the change in absorbance (A A) as a function 
of time (fig. 2). 
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Fig. 2. Semi logarithmic plots of the change in absorbance at 
450 nm for the kinetic traces of fig. 1. The entire curve as 
well as the first rapid phase are plotted. AA is the difference 
between the absorbance at infinite time and the absorbance 
at time t. A. and B are plotted with 10 msec/division and 100 
m&division respectively. 
A rapid phase representing l/3-1/2 of the total 
absorbance change is followed by a 3-times slower 
first order reaction. Both rates are dependent on the 
CO concentration and the temperature, but their ra- 
tio does not vary significantly with the above parame- 
ters or the nature of the solvents used (ethylene gly- 
col-water in the volume ratio 1: 1, glycerol-water in 
the volume ratio 7:3 or water above O’C). 
Similar kinetics are obtained with isolated cyto- 
chrome P450, which was solubilized as already de- 
scribed [l] by treatment of ‘P450 particles’ with 
Lubrol and further purified by chromatography. This 
result rules out a membrane effect. 
The biphasic recombination observed by the pres- 
ent photolysis technique is not consistent with the 
monophasic kinetics obtained by the stopped-flow 
method with the isolated P450 [l] . Since the dead 
time for the stopped-flow experiments was about 
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Table 1 
Characteristic onstants of the combination of CO with ferrous cytochrome P4se in a 1: 1 (v:v) mixture of ethylene glycol and 
buffer at + 4°C. 
kr 
(M-l set-‘) 
k-1 
(s&-t) 
Activation 
energy $ KS kr 
* 
k 
(I&al/mole) (MI (M-'see-') (SW-') 
Stopped-flow 
on isolated cyto- 
chrome P4so [l] 4.5.10s 0.63 8.3 f lea) 1.4. 18-e(d) _ 
Flash-photolysis 
on ‘PESO particlesge) 
(this work) 4 f 1.5 lo5 3* 1.5 8 i: lcb) 3 
.lO-e(d) 
10 7.6a1O-6(C) 
2.3 i 0.7 lo6 35 f 15 
i 
af Measured between + 20°C and - 20°C. 
b, Measured between + 11°C and - 30°C. 
‘1 Calculated from KS = k-l/k-l. 
d, Measured by static titration (see [l] ). 
e, Mean values from 3 sets of experiments using 3 different preparations. 
10 msec [5f, the rapid phase could.have been de- 
tected if such a phase xisted. One of the most plausi- 
ble explanations of this contradiction may be the for- 
mation of a ‘new’ form of the ferrous cytochrome 
upon photolysis, which may be analogous to the 
quickly-react~g form of deoxyhemo~ob~ formed 
upon photolysis of its carbon monoxy form [6] . Such 
a new species was already postulated by Imai and 
Mason [7] in the case of the cytochrome P450. 
In our conditions of temperature and medium oth- 
er monomeric hemoproteins such as horse radish per- 
oxidase and myoglobin give a monophasic recombina- 
tion (unpubli~ed results). Recently the cytochrome 
P450 extracted from bovine adrenocortical mitochon- 
dria was reported to be a polymer [8] . This property, 
as well as the existence of several forms of the micro- 
somal P450 [9, lo] might explain the biphasic kinetics 
observed both in mixed solvents and in aqueous olu- 
tion. 
3.2. Assuming the following equation to be valid for 
the slow first order phase: 
kl 
Fe2+ + CO --“Fe2+--CO 
k-1 
the values of the association and dissociation con- 
stants were calculated at different temperatures by us- 
ing different CO concentration high enough to be 
considered as constant during the recombination. 
These values at 4°C (see table 1) are very similar to 
those obtained by the stopped-flow technique in 
the same solvent and temperature conditions, using 
purified cytochrome P450 ]l] (table 1). Further- 
more the activation energy E, = 8 jl 1 kcal/mole cal- 
culated between + 11°C and - 34°C and the constant 
over this range of temperature is identical within 
the experimental errors to the value E, = 8.3 k 1 
kcal/mole obtained by the stopped-flow method 
PI * 
It seems reasonable then to compare the two sets 
of experiments and to assume that the slow first or- 
der kinetics do represent the combination of CO with 
the ‘normal’ species of ferrocytochrome P450. 
3.3. The rapid phase obtained by subtracting the slow 
reaction from the experimental curve follows a 
first order equation, except eventually in its very ini- 
tial segment where the absorbance seems to increase 
more slowly. The significance of such an initial curva- 
ture - if r~present~g a real phenomenon or an arte- 
fact - is now under investigation. It is nevertheless 
possible to evaluate, although with less certainties, 
the characteristics of the linear portion of the rapid 
phase. 
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If a new ferrous species Fe2+* is produced by the 
photodissociation process, as discussed above, the sit- 
uation after a flash may be described, as in the case of 
hemoglobin [6], by the subsequent set of competi- 
tive reactions: 
Fe2+* + CO5 Fe2+-CO 
k-l* 
Fe2+* A Fe2’ 
kl 
Fe2+ t COt_‘Fe2+- CO 
.I 
(2) 
(3) 
In presence of high concentrations of carbon mon- 
oxide, the dissociation reactions may be neglected 
and the time constant of the rapid phase is [6] : 
t 
1 = 
ktkl* [CO] 
Measurements at different CO concentrations at 
4OC yield to the values: 
k, * = 2.3 f 0.7 lo6 M-lsec -1 
k =35 f 15 se&. 
Although k is obtained with great unczrtainty, it 
may be seen that the conversion of Fe2+ into the nor- 
mal cytochrome is slower than the conversion of the 
‘quickly reacting’ hemoglobin into normal hemoglo- 
bin [6]. 
Further experiments, especially with the use of oth- 
er ligands, are now needed to investigate the exact sig- 
nificance of this biphasic recombination. 
During this study we saw that the kinetics in mixed 
solvents below 0°C are in perfect continuity with those 
observed above O”C, which are identical in both aque- 
ous solutions and the above-mentioned mixtures. This 
demonstrates the validity of experiments performed 
under these conditions. 
The presence of ethylene glycol or glycerol [ 1 l] , 
and the use of low temperature, are found to have a 
protective ffect on the transformation of the cyto- 
chrome PasO to cytochrome Pd2,-,, even after several 
cooling-warming cycles. 
From a technical point of view, the lower light scat- 
tering of the microsomes in ethylene glycol-water or 
glycerol-water mixtures allows the increase,_bf the con- 
centration and thus the precision of the recordings, 
while the low temperature, increasing the viscosity of 
the media, decreases very much the fluctuations due 
to the particulate nature of the suspensions. 
On the other hand, it was possible to calculate the 
activation energy of the combination with a good pre- 
cision over a wide range of temperature and obtain 
thus a good basis for the comparison with the 
stopped-flow experiments. 
However, because of the analogous activation en- 
ergies of the two phases, a‘resolution’ of the kinetics 
is not possible as in the case of hemoglobin [121 and 
the method is somehow limited by the decrease of 
the initial photodissociation with temperature, for 
which we do not have, up to now, any satisfactory ex- 
planation. 
Further experiments with the same technique are 
now in progress in order to clarify some of the pres- 
ent preliminary results. 
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